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Group Art Unit: 1617 



Appln. No.: 08/590,973 
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Examiner: Harrison, R.H. 



FOR: NOVEL "BURST-FREE" SUSTAINED RELEASE POLY- 
(LACTIDE/GLYCOLIDE) MICROSPHERES 



June 22, 1999 



PRELIMINARY AMENDMENT 



Hon. Commissioner of Patents 

and Trademarks 
Washington, D.C. 20231 

Sir: 

In connection with the above-referenced continuation application filed 
concurrently herewith, please enter the following amendments before examination on the 



TN THE SPECIFICATION: 

Page 1, line 14, after "is" insert — a continuation application of U.S. Patent Application 

Serial No. 08/590,973, filed January 24, 1996, which is -. 
Page 6, line 20, delete "12k" second occurrence. 

Page 8, line 19, replace "coploymer" with -copolymer--. 

Page 12, line 16, after "13" insert -wherein the biologically active agent is a 
polypeptide--; 



merits. 



line 23, delete "of first occurrence; 



line 25, replace "microshreres" with —microspheres--. 
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Page 18, line 3, replace "preciptitous" with -precipitous--; 
line 7, replace "yor" with -or--; 

line 13, after "other' insert -biologically active agents from--. 
Page 27, line 5, replace "microshperes" with -microspheres-; 

line 22, after "1-12", replace "weeek" with -week-. 
Page 28, line 14, replace "actice" with -active-; 

line 20, replace "rations" with -ratios--; 

line 50, replace "la and lb" with -2 and 4-. 
Page 29, line 32, replace "2" with -5-; 

line 49, replace "2" with -5-. 
Page 30, line 13, replace "3" with-5-; 

line 28, replace "2" with -3-; 

line 43, replace "3" with —5-. 
Page 31, line 6, replace "3" with — 5-; 

line 22, replace "2" with —3-; 

line 33, replace "is" with -are—; 

line 34, replace "; and is" with -. They are-; 

line 35, replace "4" with —7-. 
Page 32, line 20, replace "2 and 3" with -3 and 5-; 

line 24, replace "these figures" with -Figure 6-. 
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IN THE CLAIMS: 

Please amend the claims as follows: 

1. (Amended) A controlled release microcapsule pharmaceutical formulation for 
burst-free, sustained, programmable release of a biologically active agent over a duration 
from 1-100 days, comprising an active agent and [a blend of] uncapped and end-capped 
biodegradable poly(lactide/glycolide) polymers . 

2. (Amended) The microcapsule pharmaceutical formulation of claim 1, wherein 
[the biodegradable poly (lactide/glycolide) is a blend of] a copolymer ratio of uncapped 
and end-capped forms of biodegradable poly Hactide/glycolide) polymers [capped forms, 
in ratios ranging from] is 100/0 to 1/99. 

3. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
[claims 1 or 2] claim 2 wherein the copolymer (lactide to glycolide L/G) ratio for 
uncapped and [endcapped] end-capped polymer is 52/48 to 48/52. 

4. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
[claims 1 or 2] claim 2 wherein the copolymer (lactide to glycolide L/G) ratio for 
uncapped and end-capped polymer is 90/10 to 40/60. 

5. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
claim 3 wherein the molecular weight of the copolymer is between 2,000-60,000 daltons. 

6. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
claim 1 wherein the biologically active agent is a peptide or polypeptide. 
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7. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
claim 6, wherein said polypeptide is histatin [consisting of 12 amino acids and having a 
molecular weight of 1563]. 

8. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
claim 7 [characterized by the] having a capacity to completely release the histatin in an 
aqueous physiological environment from 1-35 days with a 100/0 [blend] ratio of 
uncapped and end-capped poly(lactide/glycolide) having an L/G ratio of 48/52 to 52/48, 
and a molecular weight <1 5,000 daltons. 

9. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
claim 7 [characterized by the] having a capacity to completely release the histatin in an 
aqueous physiological environment from 18-40 days with a 100/0 [blend] ratio of 
uncapped and end-capped poly(lactide/glycolide) having an L/G ratio of 48/52 to 52/48 
and a molecular weight range of 28,000-40,000 daltons . 

10. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
claim 7 [characterized by the] having a capacity to release up to 90% of the histatin in an 
aqueous physiological environment from 28-70 days with a 0/100 [blend] ratio of 
uncapped and end-capped poly(lactide/glycolide) having a L/G ratio of 48/52 to 52/48 
and a molecular weight range of 10,000 - 40,000 daltons. 

11. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
claim 7 [characterized by the] having a capacity to release up to 80% of the histatin in an 
aqueous physiological environment from 56-100 days with a 0/100 [blend] ratio of 
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uncapped and end-capped poly(lactide/glycolide) having a L/G ratio of 75/25 and a 
molecular weight of <1 5,000 daltons. 

12. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
[claims 7 or 8 or 9 or 10 or 1 1] claim 7 having analogs of histatin with chain lengths of 
from 1 1-24 amino acids of molecular weights from 1,500-3,000 daltons and characterized 
by the following structures: 

L DSHAKRHHGYKRKFHEKHHSHRGY 

2. KRHHGYKRKFHEKHHSHRGYR 

3. KRHHGYKRKFHEKHHSHR 

4. RKFHEKHHSHRGYR 

5. AKRHHGYKRKFH 

6. ^AKRHHGYKRKFH 

7. KRHHGYKRKF 
*d-amino acid,. 

13. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
claim 6 wherein the biologically active agent is a polypeptide Leutinizing hormone 
releasing hormone (LHRH) that is decapeptide of molecular weight 1 182 in its acetate 
form, and having the structure: 

p-EHWSYGLRPa 

14. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
claim 6 comprising a polypeptide, wherein said polypeptide has [having] a molecular 
weight of from 1,000 to 250,000 daltons. 
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15. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
[claims 6 or 7 or 8 or 9 or 10 or 1 1 or 13 or 14] claim 1 wherein [release profiles of 
variable] varying release rates and varying release durations of the active agent are 
achieved by blending uncapped and [capped microspheres] end-capped polymers as a 
cocktail in variable amounts. 

16. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
[claims 6 or 7 or 8 or 9 or 10 or 1 1 or 13 or 14] claim 1 wherein [release of profiles of 
variable] varying release rates and varying release [duration] durations are achieved by 
varying a ratio of [blending] uncapped and [capped polymer] end-capped polymers [in 
different ratios] within the same [microshreres] microcapsules . 

17. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
claim 6 [or 7 or 8 or 9 or 10 or 1 1 or 13 or 14] wherein the [entrapped] active agent is a 
polypeptide and said polypeptide is [any of the] a vaccine [agents] agent against 
enterotoxigenic E. coli (ETEC) [such as CFA/I, CFA/II, CS1,CS3, CS6 and CS17 and 
other ETEC-related enterotoxins]. 

18. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
claim 6 [or 7 or 8 or 9 or 10 or 1 1 or 13 or 14] wherein the [entrapped] active agent is a 
polypeptide and said polypeptide [consists of] comprises peptide antigens for 
immunization against enterotoxigenic E. coli (ETEC) [of] having a molecular weight 
range of about 800-5000 daltons [for immunization against enterotoxigenic E. coli 
(ETEC)]. 
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19. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
[claims 1 or 2 or 3 or 4 or 5] claim 1. wherein said biologically active [agents are] agent 
is selected from the group consisting of water-soluble hormone drugs, antibiotics, 
antitumor agents, anti inflammatory agents, antipyretics, analgesics, antitussives, 
expectorants, sedatives, muscle relaxants, antiepileptics, antiulcer agents, antidepressants, 
antiallergic drugs, cardiotonics, antiarrhythmic drugs, vasodilators, antihypertensives, 
diuretics, anticoagulants, and antinarcotics, in the molecular weight range of 100-100,000 
daltons. 

20. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
[claims 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8] claim L wherein said biodegradable 
poly(lactide/glycolide) is in an oil phase, and is present in about 1-50% (w/w). 

21. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
[claims 1 or 2 or 3 or 4 or 5 or 6 or 8 or 9 or 10 or 1 1 or 12 or 13 or 14] claim L wherein 
a concentration of the active agent is in [the] a range of 0.1 to about 60% (w/w). 

22. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
[claims 1 or 2 or 3 or 4 or 5 or 6 or 8 or 9 or 10 or 1 1 or 12 or 13 or 14] claim L wherein 
a ratio of [the] an inner aqueous to oil [phases] phase is about 1/4 to 1/40 (v/v). 

Claim 25, line 1, replace "claims 23 or 24" with — claim 23 — . 

Claim 26, line 1, replace "claims 23 or 24" with — claim 23 — . 
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28. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
claim 6, wherein, when the [entrapped] said active agent is a polypeptide and said 
polypeptide is active at a low pH and is entrapped in said polymers , [such as LHRH, 
adrenocorticotropic hormone, epidermal growth factor, calcitonin released] said 
polypeptide is bioactive when released , 

29. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
[claims 6 or 7 or 8 or 9 or 10 or 1 1] claim 6 . wherein[,] said active agent is a peptide and 
when [entrapped] the peptide [such as histatin] is entrapped and is inactive at a low pH, a 
pH-stabilizing agent of inorganic salts [are] is added to [the] an inner aqueous phase 
during manufacture of said microcapsule to maintain biological activity of the released 
peptide. 

30. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
[claims 6 or 7 or 8 or 9 or 10 or 1 1] claim 6 , wherein, when [entrapped] said active agent 
is a polypeptide, the polypeptide [such as histatin] is inactive at a low pH, a non-ionic 
surfactant [such as] selected from the group consisting of polyoxvethvlene sorbitan fatty 
acid esters (Yween 80, Tween 60, and Tween 20) and polyoxyethylene - 
polyoxypropylene block copolymers (Pluronics) is added to [the] an inner aqueous phase 
during manufacture to maintain biological activity of the released polypeptide. 

31. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
claim 29, wherein placebo [spheres] microcapsules loaded with the pH-stabilizing agents 
are coadministered with the polypeptide-loaded [spheres] microcapsules to maintain [the] 
a solution pH around the polypeptide-loaded microcapsules and preserve [the] biological 
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activity of [the] released peptides [peptide in instances where the addition of pH- 
stabilizing agents in the inner aqueous phase is undesirable for the successful 
encapsulation of the acid pH sensitive polypeptide]. 

32. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
claim 29, wherein placebo [spheres] microcapsules loaded with non-ionic surfactant are 
coadministered with polypeptide-loaded microcapsules [spheres] to maintain biological 
activity of released peptides [peptide where the addition of non-ionic surfactants in the 
inner aqueous phase is undesirable for successful encapsulation of the acid pH sensitive 
polypeptide]. 

33. (Amended) The [microcapsules] microcapsule pharmaceutical formulation of 
[claims 1 or 2 or 3 or 4 or 5 or 6 or 8 or 9 or 10 or 1 1 or 13 or 14] claim 2. wherein 
[comprising a blend of] said uncapped and [capped] end-capped polymers [polymer, 
wherein] are present in an amount wherein complete solubilization of the copolymer 
leaves no residual [polymer] polymers at [the] a site of administration and occurs 
concurrently with [the] a complete release of the [entrapped] active agent from said 
microcapsule . 

34. A process for ameliorating or preventing a disease or disorder in a human or 
nonhuman animal comprising administering parenterally to said animal a 
pharmaceutically-effective amount of a microcapsule of claim 1 [of using microcapsules 
of claims 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 1 1 or 13 or 14 for human 
administration via parenteral routes, such as intramuscular and subcutaneous]. 
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35. (Amended) A process for ameliorating or preventing a disease or d isorder in a 
human or nonhnman animal comprising administering topically to said animal a 
pharmaceutically-effective amount of a microcapsule of claim 1 [of using microcapsules 
of claims 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 1 1 or 13 or 14 for human 
administration via topical routes]. 

36. (Amended) A process for ameliorating or preventing a disease or disorder in a 
human or nonhuman animal comprising administering orally to said animal a 
pharmaceutically-effective amount of a microcapsule of claim 1 [of using microcapsules 
of items 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 1 1 or 13 or 14 for human 
administration via oral routes]. 

37. (Amended) A process for ameliorating or preventing a disease or disorder in a 
human or nonhuman animal comprising administering nasally, rectally. transdermally or 
vaginally to said animal a pharmaceutically-effective amount of a microca psule of claim 
I [of using microcapsules of items 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 1 1 or 
13 or 14 for human administration via nasal, transdermal, rectal, and vaginal routes]. 

Please add the following claims: 

-38. (New) The microcapsule pharmaceutical formulation of claim 17, wherein 
said enterotoxigenic E. coli is selected from the group consisting of CFA/I, CFA/II, 
CS1,CS3, CS6 and CS17 and other ETEC-related enterotoxins. 
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39. (New) The microcapsule pharmaceutical formulation of claim 28, wherein 
said polypeptide is selected from the group consisting of LHRH, adrenocorticotropic 
hormone, epidermal growth factor and calcitonin. 

40. (New) The process of claim 34, wherein said administering parenterally 
comprises administering intramuscularly or subcutaneously. 

41. (New) A process of maintaining a solution pH around the polypeptide-loaded 
microcapsule of claim 6, comprising coadministering placebo microcapsules loaded with 
pH-stabilizing agents with the polypeptide-loaded microcapsules, wherein said placebo 
microcapsules preserve biological activity of peptides released from said polypeptide 
loaded microcapsules. 

42. (New) A process of maintaining biological activity of released peptide 
comprising coadministering placebo microcapsules loaded with non-ionic surfactant with 
said microcapsule pharmaceutical formulation of claim 29. 

43. (New) The microcapsule pharmaceutical formulation of claim 7, wherein said 
histatin consists of 12 amino acids and has a molecular weight of 1563. 

44. (New) A controlled release microcapsule pharmaceutical formulation for 
burst-free sustained, programmable release of biologically active agent over a duration 
from 1-100 days, comprising an active agent encapsulated within a biodegradable 
poly(lactide/glycolide) having a lactide/glycolide ratio of 90/10 to 40/60 and the end 
capped/uncapped form of said poly (lactide/glycolide) in the ratio of 100/0 to 1/99. 

45. (New) The process of claim 24, wherein a solvent-saturated external aqueous 
phase is added to emulsify the inner w/o emulsion prior to addition of the external 
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aqueous layer, to provide microcapsules of narrow size distribution range between 0.05- 
500jum. 

46. (New) The process of claim 24, wherein a low temperature of about 0-4°C is 
provided during preparation of the inner w/o emulsion, and a low temperature of about 4- 
20°C is sprovided during preparation of the w/o/w emulsion to provide a stable emulsion 
and high encapsulation efficiency.--. 

REMARKS 

An early and favorable action on the merits is respectfully requested. 

Claims 1-46 are pending in the application. Claims 1-22, 25, 26 and 28-37 have 
been amended. Claims 38-46 are newly added. The specification has also been amended 
to correct various spelling, grammatical and idiomatic errors. No new matter has been 
added. 

The claims have been amended to specifically address the Examiner's comments 
and section 1 12 rejections in the office actions of the parent application 08/590,973. 

Additionally, the terms "uncapped" and "end-capped" are defined in the 
specification at page 8, lines 5-18. 

The Examiner indicated in the parent application (08/590,973) that claim 38 was 
allowable. Claim 38 of the parent application (08/590,973) appears in this Preliminary 
Amendment as new claim 44. Hence, it is believed that new claim 44 would also be 
allowable. 
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If the Examiner has any questions, or would like to suggest alternative claim 



language, he is invited to contact Applicant's representative at (301) 924-9500. 



Respectfully submitted, 




A 




Caroline Nash, Reg. No. 36, 329 
for: Charles H. Harris, Reg. No. 34,616 
Attorney for Applicants 
U.S. Army Medical Research 

and Materiel Command 
ATTN: MCMR-JA 
Fort Detrick, MD 21702-5012 



NOVEL, "BURST-FREE" SUSTAINED RELEASE POLY- 
( LACTIDE/ GLYCOLIDE ) MICROSPHERES 

5 

I. GOVERNMENT INTERESTS 

The invention described herein may be manufactured, licensed 
I0 ssaa and used by or for governmental purposes without the payment of 
yy any royalties to us thereon* 

0 II. CROSS REFERENCE 

jjj This application is a continuation-in-part of U.S. Patent 

15q application Serial No. 08/446,149, filed May 22, 1995. 

J| III. FIELD OF THE INVENTION 

20 This invention relates to providing novel biocompatible and 

biodegradable microspheres for burst-free programmable sustained 
release of biologically active agents, inclusive of polypeptides, 
over a period of up to 100 days in an aqueous physiological 
environment . 

25 
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IV, BACKGROUND OF THE INVENTION 

Several publications and patents are available for sustained 
5 release of active agents from biodegradable polymers, 

particularly, poly (lactide/glycolides) (PLGA) . Prior usages of 
PLGA for controlled release of polypeptides have involved the use 
of molar ratios of lactide/glycolide (L/G) of 75/25 to 100/0 for 
molecular weights >20,000. Further prior art preparations of PLGA 
3L0 utilized fillers or additives in the inner aqueous layer to 
ri improve the stability and encapsulation efficency and/ or to 
*fi increase the viscosity of the aqueous layer, thereby modulating 
■y polymer hydrolysis and the biologically active agent or 
10 polypeptide release* 
335 

rij In addition, the prior art use of PLGA copolymers were end- 

03 capped, in that the terminal carboxyl end groups were blocked. In 

these end-capped co-polymers, the microcapsule preparations 

exhibited a low to moderate burst release of ~ 10-40% of the 
2 0 entrapped polypeptide in the first 24 hours after placement in an 

aqueous physiological environment. In part, these characteristics 

are due to the use of fillers in the inner aqueous phase. 

Further, a 1-month release of polypeptide is known with the use 

of a 75/25 co-polymer of PLGA of Mw ^20,000. 
2 5 Investigations in controlled release research has been 

proceeding especially to obtain a 1 to 2 month delivery system 
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for biologically active agents or polypeptides using 
poly (lactide/glycolide) polymers. However, most of these systems 
have one or more of the following problems: Poor encapsulation 
efficency and large x burst release ' followed by an intermediate 
% no release' or x lag phase' until the polymer degrades . In 
general, release from these polymers occur over a period from 
about 4 weeks to about several months . In addition , in order to 
achieve this release a 50/50 copolymer of MW > 30,000 or a 75/25 
copolymer of Mw > 10,000 are employed which often results in 
residual polymer remaining at the site of administration long 
after the release of active core. 



V, SUMMARY OP THE INVENTION 



This invention provides biocompatible and biodegradable 
microspheres that have been designed for novel , burst free, 
5 programmable sustained release of biologically active agents, 
including polypeptides over a period of up to 100 days in an 
aqueous physiological environment. 



Unlike currently available release systems, which rely on 
XQ the use of fillers/additives such as gelatin, albumin, dextran, 
^ pectin, polyvinyl pyrrolidone, polyethylene glycol, sugars, etc., 
™ and are still prone to low encapsulation efficiencies and "burst 
il effects", this invention achieves high encapsulation and "burst- 
Ill free" release without the use of any additive. In this invention, 
O burst-free, programmable sustained release is achieved through 
jy the use of a unique blend of the * uncapped ' and end-capped forms 
t Q of poly (lactide/glycolide) polymer in the molecular weight range 
of 2,000 to 60,000 daltons. 



2 0 In general, microspheres described in this invention are 

produced by a unique emulsif ication technique wherein an inner 
water-in-oil (w/o) emulsion is stabilized by dispersing in a 
solvent-saturated aqueous phase containing an emulsion 
stabilizer. A ternary w/o/w emulsion is then formed by 

25 emulsifying the above w/o emulsions in an external pre-cooled 
aqueous phase containing an o/w emulsif ier. Essentially, the 
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inner w/o emulsion is comprised of an aqueous layer containing 
from - 2 to about 20% (w/w) of the active agent to be entrapped 
and an oil layer containing poly (lactide/glycolide) copolymer in 
concentrations ranging from - 5 to about — 50% (w/w oil phase) . 
5 The copolymer includes molecular weight ranging from 2,000 to 

about 60,000 daltons, with molar composition of lactide/glycolide 
from 90/10 to 40/60 and a blend of its uncapped and end-capped 
forms in a ratio of 100/0 to 1/99* Very high encapsulation 
efficiencies of about 80 to 100% are achieved depending on 

IP polymer molecular weight and structural form* 

Programmable release of active core over variable durations 

yJ between 1-100 days is achieved by a judicious selection of 

yy process parameters such as polymer concentration, peptide 

jj! concentration and the aqueous/ oil phase ratio. 

J5 This invention is particularly suitable for high 

llj encapsulation efficiencies and burst-free, continuous 

programmable release of polypeptides of molecular weights ranging 

^ from 1,000 to about 250,000 daltons, and also other biologically 
active agents over a period of 1-100 days. A uniqueness of the 

2 0 invention is that when using a 100/0 blend of the uncapped and 
capped polymer, the final phase of active core release is 
concurrent with the complete solubilization of the polymer to 
innocuous components, such as lactic and glycolic acids. This is 
a significant advantage over the currently available 3 0 day - 

25 release systems wherein a major regulatory concern is about 

toxicity of residual polymer at the site of administration, long 



after release of the active core* 

The microcapsules described in this invention are suitable 
for administration via several routes such as parenteral 
(intramuscular, subcutaneous) , oral, topical, nasal, rectal and 
5 vaginal routes. 

VI. BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 shows a comparison of drug release from a 
conventional system versus a controlled release system. Peak and 
10 valley levels from conventional administrations are shown, in 
O contrast to the steady therapeutic levels from the controlled 
W release administration. 

ifl FIG. 2 shows a scanning electron micrograph of PLGA 

yn microspheres prepared by the process described in the invention 

If using 50/50 uncapped polymer of Mw 8-12k dalton and shows 

fii superior sphere morphology, sphere integrity, and narrow size 

[Z distribution . 

v ~ FIG. 2a shows a scanning electron micrograph of PLGA 

microspheres prepared by conventional solvent evaporation method 
20 using a 50/50 12k uncapped polymer of Mw 8-12k dalton. 

FIG. 3 shows cumulative Histatin release from PLGA 
microspheres, wherein release profiles from several batches are 
prepared using 50/50, uncapped polymer (of Mw 8-12k dalton) and 
wherein the process parameters are varied to modulate release 
2 5 between 1 and 35 days. 

FIG. 4 shows a scanning electron micrograph of solid, smooth 
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spherical surfaces of PLGA microspheres prepared by the method of 
in the invention using 50/50, end-capped polymer (of Mw 30-40k 
da 1 ton) . 

FIG. 5 shows cumulative Histatin release from PLGA 
5 microspheres, wherein the release profiles are from several 

batches prepared using 50/50, uncapped and end-capped polymer of 
Mw 3 0-4 Ok daltons, and wherein the process parameters are varied 
to modulate release between 28 to 60 days. 

FIG. 6 shows cumulative Histatin release from PLGA 
10 microspheres, wherein combined release profiles from several 
m batches have been prepared using 50/50, uncapped and end-capped 
W polymer of Mw 8-40k daltons, while varying the process parameters 
\Q to modulate release between 1 and 60 days. 

In FIG. 7 shows a cumulative percent release of LHRH from PLGA 

If microspheres prepared using uncapped polymer of Mw 8-12 daltons* 
DETAILED DESCRIPTION OF THE INVENTION 

°5 This invention relates to the design of biocompatible and 

biodegradable microspheres for novel, programmable sustained 
release of biologically active agents, including polypeptides 

2 0 over a period of up to 100 days in an aqueous physiological 
environment with little or no burst release. 

Unlike currently available release systems which rely on the 
use of fillers/additives such as gelatin, albumin, dextran, 
pectin, polyvinyl pyrrolidone, polyethylene glycol, sugars, etc., 

25 and are still prone to low encapsulation efficiencies and "burst 
effects" , this invention achieves high encapsulation efficiency 



and x burst-free ' release without the use of any additive. In this 
invention, burst-free f programmable sustained release is achieved 
through the use of a unique blend of the x uncapped' and end- 
capped forms of poly (lactide/glycolide) polymer. 
5 The A uncapped' form refers to "poly (lactide/glycolide) with 

free carboxyl end groups" which renders the polymer more - 
hydrophilic compared to the routinely used end-capped form. 
Currently used x end-capped' polymer hydrates between 4-12 weeks 
depending on the molecular weight, resulting in an intermediate 
10 ^no release' or a A lag phase' . The uncapped polymer hydrates 
m typically between 5 to 60 days depending on the molecular weight, 
W thus releasing its core continuously without a lag phase. A 
: fl careful blend of the two forms and appropriate molecular weights 
in: and L/G ratios, results in a continuous release between 1 to 100 
|J days. In addition, release within this time is programmable by a 
m judicious selection of process parameters such as polymer 
I?* concentration, peptide concentration and the aqueous/oil phase 
,= * ratio. 

The coploymer in this invention includes molecular weight 
20 ranging from 2,000 to 60,000 daltons, a lactide/glycolide ratio 

of 90/10 to 40/60 and a blend of the uncapped/ capped forms in the 
ratio of 100/0 to 1/99. The molecular weight of the polypeptide 
may be in the range of 1000 to 250,000 daltons while that of 
other biologically active agents may range from 100 to 100,000 
25 daltons. 

Microcapsules described in this invention are prepared by a 

8 



unique aqueous emulsif ication techinique which has been developed 
for use with the uncapped polymer to provide superior sphere 
morphology, sphere integrity and narrow size distribution. This 
is accomplished by first preparing an inner water-in-oil (w/o) by 
5 mixing the solutions of polymer in an organic solvent such as 
methylene chloride and the biologically active agent in water* 
This is followed by stabilization of the w/o emulsion in a 
solvent-saturated aqueous solution containing an o/w emulsif ier 
such as polyvinyl alcohol. A ternary emulsion is then formed by 
XO emulsifying the w/o emulsion in an external aqueous phase 

containing the same emulsif ier as above at concentrations ranging 
yy from 0.25 - 1% w/v. Microcapsules are hardened upon solvent 
C 5 removal by evaporation , rinsed to remove residual emulsif ier and 
If] lyophilizedc Low temperature is used both at the time of primary 
OB emulsif ication (w/o emulsion formation) and during the formation 
f|f of the final w/o/w emulsion to achieve stable emulsion and 
superior sphere characteristics. 

In the context of the invention, a biologically active agent 
is any water-soluble hormone drugs, antibiotics, antitumor 
20 agents, antiinflammatory agents, antipyretics, analgesics, 
antitussives, expectorants, sedatives, muscle relaxants, 
antiepileptics, antiulcer agents, antidepressants, antiallergic 
drugs, cardiotonics, antiarrhythmic drugs, vasodilators, 
antihypertensives, diuretics, anticoagulants, antinarcotics, etc. 
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More precisely , applicants have discovered a 
pharmaceutical composition and process with the following 
itemized features: 

1. A controlled release microcapsule pharmaceutical 

5 formulation for burst-free, sustained, programmable release of a 
biologically active agent over a duration from 1-100 days> 
comprising an active agent and a blend of uncapped and end-capped 
biodegradable poly (lactide/glycolide) . 

2. The pharmaceutical formulation of item 1, wherein the 

Lp biodegradable poly (lactide/glycolide) is a blend of uncapped and 
capped forms, in ratios ranging from 100/0 to 1/99 . 

3. The microcapsules of items 1 or 2 wherein the copolymer 
0 (lactide to glycolide L/G) ratio for uncapped and endcapped 

\f; polymer is 52/48 to 48/52. 

£p 4 . The microcapsules of items 1 or 2 wherein the copolymer 

ry L/G ratio for uncapped and end-capped polymer is 90/10 to 40/60* 
[fk 5. The microcapsules of items 1 or 2 or 3 or 4 wherein the 

molecular weight of the copolymer is between 2,000-60,000 

daltons- 

2 0 6. The microcapsules of items 1 or 2 or 3 or 4 or 5 wherein 

the biologically active agent is a peptide or polypeptide. 

7. The microcapsules of item 6, wherein said polypeptide is 
histatin consisting of 12 amino acids and having a molecular 
weight of 1563. 

25 8. The microcapsules of items 1 or 2 or 3 or 4 or 5 or 6 

characterized by the capacity to completely release histatin in 



10 



an aqueous physiological environment from 1-3 5 days with a 100/0 
blend of uncapped and end-capped poly (lactide/glycolide) having a 
L/G ratio of 48/52 to 52/48, and a molecular weight <15,000« 
9. The microcapsules of items 1 or 2 or 3 or 4 or 5 or 6 
5 characterized by the capacity to completely release histatin in 

an aqueous physiological environment from 18-40 days with a 100/0 
blend of uncapped and end-capped poly (lactide/glycolide) having a 
L/G ratio of 48/52 to 52/48 and a molecular weight range of 
28,000-40,000, 

IjQ 10. The microcapsules of items 1 or 2 or 3 or 4 or 5 or 6 

~! characterized by the capacity to release up to 90% of the 
yy histatin in an aqueous physiological environment from 28-70 days 
*D with a 0/100 blend of uncapped and end-capped 

111 poly (lactide/glycolide) having a L/G ratio of 48/52 to 52/48 and 
13 a molecular weight range of 10,000-40,000 daltons* 
m 11. The microcapsules of items 1 or 2 or 3 or 4 or 5 or 6 

If* characterized by the capacity to release up to 80% of histatin in 
an aqueous physiological environment from 56-100 days with a 
0/100 blend of uncapped and end-capped poly (lactide/glycolide) 
20 having a L/G ratio of 75/25 and a molecular weight of < 15,000 
daltons, 

12. The microcapsules of items 7 or 8 or 9 or 10 or 11 
having analogs of histatin with chain lengths of from 11-24 amino 
acids of molecular weights from 1,500-3,000 daltons and 
2 5 characterized by the following structures: 

1. DSHAKRHHGYKRKFHEKHHSHRGY 
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2. KRHHGYKRKFHEKHHSHRGYR 

3c KRHHGYKRKFHEKHHSHR 

4. RKFHEKHHSHRGYR 

5. AKRHHGYKRKFH 
5 6. *AKRHHGYKRKFH 

7. KRHHGYKRKF 



* D-amino acid 

13. The microcapsules of items 1 or 2 or 3 or 4 or 5 wherein 
the biologically active agent is a polypeptide Leutinizing 

W hormone releasing hormone (LHRH) that is a decapeptide of 
] M molecular weight 1182 in its acetate form, and having the 
^ structure: 

43 p- EHWSYGLRPG 

14. The microcapsule of items 6 or 7 or 8 or 9 or 10 or 11 
flj or 12 or 13 having a molecular weight of from 1,000 to 250,000 
[q da 1 tons* 

15. The microcapsules of items 6 or 7 or 8 or 9 or 10 or 11 
or 12 or 13 or 14 wherein release profiles of variable rates and 

2 0 durations are achieved by blending uncapped and capped 
microspheres as a cocktail in variable amounts, 

16. The microcapsules of items 6 or 7 or 8 or 9 or 10 or 11 
or 12 or 13 or 14 wherein release of profiles of variable rates 
and duration are achieved by blending uncapped and capped polymer 

2 5 in different ratios within the same microshreres. 

17. The microcapsules of items 6 or 7 or 8 or 9 or 10 or 11 

12 



or 12 or 13 or 14 or 15 or 16 wherein the entrapped polypeptide 
is any of the vaccine agents against enterotoxigenic E. coli 
(ETEC) such as CFA/I,CFA/II,CS1,CS3,CS6 and CS17 and other ETEC- 
related enterotoxins . 
5 18 . The microcapsules of items 6 or 7 or 8 or 9 or 10 or 11 

or 12 or 13 or 14 or 15 or 16 or 17 wherein the entrapped, 
polypeptide consists of peptide antigens of molecular weight 
range of about 800-5000 daltons for immunization against 
enterotoxigenic E. coli (ETEC) . 
IP 19 . The microcapsules of items 1 or 2 or 3 or 4 or 5 wherein 

%*_ said biologically active agents are selected from the group 
W consisting of water-soluble hormone drugs, antibiotics , antitumor 
y3 agents, anti inflammatory agents, antipyretics, analgesics, 
!H antitussives, expectorants, sedatives, muscle relaxants, 
0> antiepileptics, antiulcer agents, antidepressants, antiallergic 
ill drugs, cardiotonics, antiarrhythmic drugs, vasodilators, 
|S antihypertensives, diuretics, anticoagulants, and antinarcotics, 
in the molecular weight range of 100-100,000 daltons. 

20. The microcapsules of items 1 or 2 or 3 or 4 or 5 or 6 or 
20 7 or 8 wherein said biodegradable poly (lactide/glycolide) is in 

an oil phase, and is present in about 1-50% (w/w) . 

21. The microcapsules of items 1 or 2 or 3 or 4 or 5 or 6 or 
8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 wherein 
concentration of the active agent is in the range of 0.1 to about 

25 60% (w/w) . 

22. The microcapsules of items 1 or 2 or 3 or 4 or 5 or 6 or 
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8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 wherein a 
ratio of the inner aqueous to oil phases is about 1/4 to 
1/40 (v/v) . 

23. A process for preparing controlled release microcapsule 
formulations characterized by burst-free, sustained, programmable 
release of biologically active agents comprising: Dissolving 
biodegradable poly (lactide/glycolide) , in uncapped form in 
methylene chloride, and dissolving a biologically active agent or 
active core in water; adding the aqueous layer to the polymer 
solution and emulsifying to provide an inner water-in-oil (w/o) 
emulsion; stabilizing the w/o emulsion in a solvent-saturated 
aqueous phase containing a oil-in-water (o/w) emulsifier; adding 
said w/o emulsion to an external aqueous layer containing oil-in- 
water emulsifier to form a ternary emulsion; and stirring the 
resulting water-in-oil-in-water (w/o/w) emulsion for sufficient 
time to remove said solvent, and rinsing hardened microcapsules 
with water and lyophilizing said hardened microcapsules. 

24. A process for preparing controlled release microcapsule 
formulations characterized by burst-free, sustained, programmable 
release of biologically active agents comprising: 

dissolving biodegradable poly (lactide/glycolide) in end- 
capped form in methylene chloride, and dissolving a biologically 
active agent or active core in water; adding the aqueous layer to 
the polymer solution and emulsifying to provide an inner water- 
in-oil emulsion; stabilizing the w/o emulsion in a solvent- 
saturated aqueous phase containing a oil-in-water (o/w) 
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emulsifier; adding said w/o emulsion to an external aqueous layer 
containing oil-in-water emulsifier to form a ternary emulsion; 
and stirring a resulting water-in-oil-water (w/o/w) emulsion for 
sufficient time to remove said solvent; and rinsing hardened 
5 microcapsules with water; and lyophilizing said hardened 
microcapsules . 

25. The process of items 23 or 24 wherein a solvent- 
saturated external aqueous phase is added to emulsify the inner 
w/o emulsion prior to addition of the external aqueous layer, to 

1-0 provide microcapsules of narrow size distribution range between 

i?j 0. 05-500/xm. 

;f1 26* The process of items 23 or 24, wherein a low temperature 

**£ of about 0-4 °C is provided during preparation of the inner w/o 
Ul emulsion, and a low temperature of about 4-2 0°C is provided 
Hs during preparation of the w/o/w emulsion to provide a stable 
fti emulsion and high encapsulation efficiency* 

\$3 27. The process of items wherein a 100/0 blend of uncapped 

and end-capped polymer is used to provide release of the active 
core in a continous and sustained manner without a lag phase- 

20 28. The microcapsules of items 6, wherein, when the 

entrapped polypeptide is active at a low pH, such as LHRH, 
adrenocorticotropic hormone, epidermal growth factor, calcitonin 
released polypeptide is bioactive. 

29, The microcapsules of items 6 or 7 or 8 or 9 or 10 or 11, 

25 wherein, when entrapped peptide such as histatin is inactive at a 
low pH, a pH-stabilizing agent of inorganic salts are added to 



the inner aqueous phase to maintain biological activity of the 

released peptide. 

30. The microcapsules of items 6 or 7 or 8 or 9 or 10 or 11 

wherein, when entrapped polypeptide such as histatin is inactive 
5 at a low pH, a non-ionic surfactant such as polyoxy ethylene 

sorbitan fatty acid esters (Tween 80, Tween 60 and Tween 20) and 

polyoxy ethylene - polyoxypropylene block copolymers (Pluronics) 

is added to the inner aqueous phase to maintain biological 

activity of the released polypeptide. 
M> 31. The microcapsules of items 29, wherein placebo spheres 

rt loaded with the pH-stabilizing agents are coadministered with 
;^ polypeptide-loaded spheres to maintain the solution pH around the 
^ microcapsules and preserve the biological activity of the 

released peptide in instances where the addition of pH- 
fiS stabilizing agents in the inner aqueous phase is undesirable for 
fU the successful encapsulation of the acid pH sensitive 
n polypeptide . 

32. The microcapsules of item 3 0 wherein placebo spheres 
loaded with non-ionic surfactant are coadministered with 

2 0 polypeptide-loaded spheres to maintain biological activity of the 
released peptide where the addition of non-ionic surfactants in 
the inner aqueous phase is undesirable for successful 
encapsulation of the acid pH sensitive polypeptide. 

33. The microcapsules of items 1 or 2 or 3 or 4 or 5 or 6 or 
25 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 comprising 

.a blend of uncapped and capped polymer, wherein complete 
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solubilization of the copolymer leaves no residual polymer at the 
site of administration and occurs concurrently with the complete 
release of the entrapped agent. 

34 . A process of using microcapsules of items 1 or 2 or 3 or 
5 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 

16 or 17 or 18 or 19 or 2 0 for human administration via 
parenteral routes, such as intramuscular and subcutaneous. 

35. A process of using microcapsules of items 1 or 2 or 3 or 
4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 

If 16 or 17 or 18 or 19 or 20 for human administration via topical 
pTj route . 

r\ 36. A process of using microcapsules of items 1 or 2 or 3 or 

^ 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 
Ul i6 or 17 or 18 or 19 or 2 0 for human administration via oral 
£5 routes . 

fy 37. A process of using microcapsules of items 1 or 2 or 3 or 

dj 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 

16 or 17 or 18 or 19 or 2 0 for human admininstration via nasal, 

transdermal, rectal, and vaginal routes. 

20 



25 
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conservation of bioactivitv o f polypeptides 

As the polymer degrades rapidly, there is a preciptitous 
drop in pH accompanied by the release of soluble oligomers in the 
microenvironment which may affect the biological activity of acid 

pH-sensitive peptides/proteins* In such instances, biological 
activity can be maintained by the use of inorganic salts yor 
buffering agents in the inner aqueous phase codissolved with the 
peptide. 

The following unique advantages are characteristics of this 
invention: 

1. Burst-free, prolonged, sustained release of polypeptides 
and other biocompatible and biodegradable microcapsules up to 100 
days in an aqueous physiological environment without the use of 
additives in the core. 

2. Release of active core programmable for variable 
durations over 1-100 days, by using a blend of uncapped and 
capped polymer of different molecular weights and copolymer 
ratio, and by manipulating the process parameters.. 

3. Complete release of the active core is concurrent with 
complete solubilization of the carrier polymer to innocuous 
components, such as lactic and glycolic acids, especially when 
using a 100/0 blend of uncapped/ capped polymer. This is of 
tremendous significance, as most biodegradable polymers currently 
used for 1-30 day delivery, do not degrade completely at the end 
of the intended release duration, thereby causing serious concern 
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of regulatory authorities on the effects of residual polymer at 
the site of administration. 

4- Ease of administration of the microcapsules in various 
dosage forms via several routes, such as parenteral 
(intramuscular and sucutaneous) , oral, topical, nasal, vaginal, 
etc. 

The hydrophilic homo-and co-polymers based on D,L-lactide 
and glycolide contains hydrophilic adjusted homo-and co-polymers 
with free carboxylic end groups, and is characterized by the 
formula: 

Poly(D,L-lactide-co-glycolide) 50:50 



CH 



n 



II 



(^ 3 H 4 0 2 ) n CC 2 H 2 0 2 ) IQ n:m - 1:1 

Wherein Z= Molecular Weight/130; for example Z=92 for Mw 
12,000 and 262 for Mw 34,000. 

While the molar ratio of the lactide to glycolide may vary, 
it is most preferred that the lactide to glycolide copolymer 
ratio be 50:50. 

Reference is now made to FIG. 1 which depicts a blood-drug 
concentration versus time graph that shows conventional drug 
administration using a series of dosages compared to an ideal 
controlled release system. Unfortunately, many drugs have a 
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therapeutic range, above which they are toxic and below which 
they are ineffective . Oscillating drug levels that are commonly 
observed following systemic administration causes alternating 
periods of ineffectiveness and toxicity . A sustained-release 
encapsulated biologically active agent or polypeptide 
preparation, ideally, will maintain the drug in the desired 
therapeutic range by means of a single dose, as depicted in the 
THERAPEUTIC RANGE in FIG.l , where the ideal case for controlled 
release is shown. 

In FIG. 2, there is shown a scanning electron micrograph of 
PLGA microspheres prepared using 50/50 uncapped polymer of Mw 8- 
12k dalton. The uncapped polymer has solid, smooth spherical 
surfaces, and is suited to provide a "burst free" release system. 

Table I is a summarization of the microsphere process 
description for preparing a peptide system (Histatin peptide) 
having a controlled release over the course of from 1 to 100 
days. 

Release profiles can be modified by a judicious blend of 
uncapped and capped polymers either in separate microspheres or 
in the same microspheres. Release from microcapsule formulations 
1 through 21 listed in Table 1, occur independently of each other 
and hence the cumulative release from blends of these 
formulations are additive. By blending several formulations of 
uncapped and end-capped microspheres, release curves of any 
desired duration can be tailored. In addition, based on the 
release characteristics of uncapped and end-capped polymers, 
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blending of the two forms in a single formulation comprising 
different ratios of uncapped to capped polymer, would 
significantly influence the polymer hydration and hence release 
of the active core thereby providing release curves of any 
desirable pattern. Manipulation of polymer hydration and 
degradation resulting in modulation of release of active core is 
achieved by the addition of uncapped polymer to end-capped 
polymer in amounts as low as 1% up to 100%. 
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While referring to Table 1 in conjunction with FIG. 3, it 
can be seen that the cumulative Histatin release from PLGA 
microspheres from several batches prepared using 50/50 and 75/25 
uncapped and end-capped , polymer modulates release between 1 to 
100 days by varying the process parameters. 1-35 days by uncapped 
50/50, 18-56 days by capped 50/50 and 56-100 days by capped 
75/25. 

In referring to FIG. 4, a view is provided through a 
scanning electron micrograph of PLGA microspheres designed for a 
one to two month release system prepared using end-capped polymer 
of Mw 30-40k daltons. 

FIG. 5 depicts the cumulative Histatin release from PLGA 
microspheres, in which the release profiles are from several 
batches prepared using 50/50, uncapped and capped polymer, and 
varying the process parameters to modulate release between 28 to 
60 days. 

Figure 6 represents cumulative Histatin release from PLGA 

microspheres these combined release profiles are from several 

batches prepared using 50/50 uncapped and capped polymer, and 
varying the process parameters to modulate release between 1-60 
days. 

In the context of the invention, a biologically active agent 
is any water-soluble antibiotics, antitumor agents, antipyretics 
analgesics, anti-inflammatory agents, antitussives, expectorants, 
sedatives, muscle relaxants, anti epileptics, antiulcer agents, 
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anti-depressants, anti-allergic drugs, cardiotonics, 
antiarrhythmics drugs, vasodilators, antihypertensives, 
diuretics, anticoagulants, hormone drugs, anti-narcotics, etc* 

In general, "burst free" sustained release delivery of 
biologically active agents from PLGA microshperes is accomplished 
in the context of this invention using of 90/10 to 40/60 molar 
ratios, and ratios of uncapped polymer to end-capped polymer of 
100/0 to 1/99. 

In general, the approaches for designing the biologically 
active agents encapsulated in the uncapped and combination 
uncapped/ end-capped PLGA microspheres and characteristics of 
these encapsulants are briefly set forth below as follows: 

1. Providing PLGA microspheres of surface morphologies using 
50/50 uncapped and capped polymers of Mw ~ 8-40K daltons as shown 
in Figs* 2 and 4. 

2. Providing in vitro release of a polypeptide, Histatin 
from PLGA microspheres, as shown in Figs. 3 and 5, using uncapped 
and capped polymer of Mw ~ 8-40K daltons and molar ratios such as 
50/50 and 75/25. 

For example, design of a 1-12 weeek bioactive compound 
release system is achieved using PLGA with the following 
specifications : 

1. Polymer molecular weight: 

-about 2-60K daltons 

2. Copolymer molar ratio (L/G) : 

- 90/10 to 40/60 

3. Polymer end groups: 

- uncapped and /or end-capped 

and combining judiciously within the following parameters: 

4. Polymer concentration 

- from 5 to 50% 

5. Inner aqueous to oil phase ratio: 

- 1:5 to 1:20 (v/v) 

6. Peptide loads: 

- from 2 to about 40% (w/w polymer) 



and by using the unique aqueous emulsif ication method 
described in the invention. 

The uniqueness and novelty of invention may generally be 
5 summarized in a brief way as follows: 

1. Use of uncapped poly (lactide/glycolide) to achieve burst- 
free, continuous, sustained, programmable release of biologically 
active agents over 1-100 days. 
10 2. Use of a unique aqueous emulsif ication system to achieve 

superior microsphere characteristics such as uniform sphere 
morphology and narrow size distribution. 

3. Burst-free, prolonged, sustained release of polypeptides 
and other biologically actice agents from biocompatible and 

15 biodegradable microcapsules up to 100 days in an aqueous 

physiological environment without the use of additives in the 
inner core. 

4. Release of active core programmable for variable 

fi durations over 1-100 days by using a blend of uncapped and capped 

"jo polymer for different molecular weights and copolymer rations and 
*7° manipulating the process parameters. 

^ 5. Complete release of the active core concurrent with 

•ft complete solubilization of carrier polymer to innocuous 

,~ components such as lactic and glycolic acids, especially when 

'25 using a 100/0 blend of uncapped/ capped polymer. This is of 

Jf: tremendous significance as most biodegradable polymers currently 

in use for 1-30 day delivery, do not degrade completely at the 
11 end of the intended release duration causing serious concern for 

:!f regulatory authorities on the effects of residual polymer at the 

B|o site of administration. 

iU 6. Ease of administration of the microcapsules in various 

ill dosages forms via several routes such as parenteral (intramusclar 

tO and subcutaneous), oral, topical, nasal, vaginal, etc. 

3 5 

The following examples are illustrative of, but not 
limitations upon the microcapsule compositions pertaining to this 
40 invention. 



Example 1 

45 

Polylactide/glycolide (PLGA) microcapsules are prepared by a 
unique aqueous emulsif ication technique which has been developed 
for use with the uncapped polymer to provide superior sphere 
morphology, sphere integrity and narrow size distribution (See 
50 Figures la and lb) . This is accomplished by dissolving the 

polymer in a chlorinated hydrocarbon solvent such as methylene 
chloride and dissolving the biologically active agent in water. A 
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w/o emulsion is then formed by mixing the solutions of polymer 
and the active agent by sonication, followed by emulsion 
stabilization in a solvent - saturated aqueous solution 
containing polyvinyl alcohol. A ternary emulsion is then formed 
by emulsifying the w/o emulsion in an external, pre-cooled 
aqueous phase containing polyvinyl alcohol (0.25 - 1% w/v) . 
Microcapsules are hardened upon removal of solvent by 
evaporation, rinsed to remove any residual emulsifier, and then 
lyophilized. 



Table 1 lists the microcapsule compositions, Nos. 1-21 thus 
prepared, consisting of a biologically active polypeptide, 
Histatin (composed of 12 amino acids and a molecular weight of 
1563) and blends of uncapped and capped polymer of ratios 100/0 
to 1/99, and having a lactide/glycolide ratio of 90/10 to 40/60, 
and a molecular weight range between 2000 to 60,000 daltons. 

Example 2 

' Microcapsule compositions are prepared as described in 
Example 1 wherein the copolymer L/G ratio is 48/52 to 52/48, and 
the ratio of uncapped/ capped polymer is 100/0. The active core is 
Histatin (Mw 1563), the polymer molecular weight is < 15,000 and 
the polymer concentrations vary from 7% to - 40% w/w. 
Compositions 1,2,4 12-14 and 16-18 are listed in Table 1. 

Release profiles of the active core from the compositions in 
an aqueous physiological environment, such as phosphate-buffered 
saline, pH 7.0 maintained at 37 ± 1°C are plotted as cumulative 
percentage release versus time, and presented in Figure 2. 

Burst-free, variable release from 1-35 days is achieved by 
varying the polymer concentration from 7 to - 40% w/w in the oil 
phase. 



Example 3 

Microcapsule compositions are prepared as described in 
Example 2, wherein the aqueous /oil ratio is varied from 1/4 to 
1/20 (v/v) . Compositions 1,2,4 and 12 are listed in Table 1. 

Release profiles of the active core from the compositions in 
an aqueous physiological environment described in Example 2 are 
plotted as cumulative percentage release versus time, and 
presented in Figure 2. 

Burst-free, continuous release from 1-35 days, with 
different onset and completion times are achieved by selecting 



different w/o ratios in the inner core. 

Example 4 

5 Microcapsule compositions are prepared as described in 

Example 2, wherein the polymer molecular weight is 28,000-40,000 
and polymer concentrations vary from 5% to ~ 15% w/w. 
Compositions 19-21 are listed in Table 1. 

10 Release profiles of the active core from the compositions in 

an aqueous physiological environment are described in Example 2 
are plotted as cumulative percentage release versus time and 
presented in Figure 3. 

15 Burst-free, variable release from 18-4 0 days is achieved by 

varying the polymer concentration. 

Example 5 

JfO Microcapsule compositions are prepared as described in 

Q Example 2, wherein the ratio of uncapped/capped polymer is 1/99 
y and polymer concentrations vary between 5% to ~ 12% w/w« 
Compositions 10 and 11 are listed in Table 1. 

If 5 Release profiles of the active core from the compositions in 

an aqueous physiological environment are described in Example 2, 
" 5 and plotted as cumulative percentage release versus time and 

1, presented in Figure 2 . 

;50 Burst-free, variable release from 28-70 days is achieved by 

varying the polymer concentration in the oil phase. 

© Example 6 

3 5 Microcapsule compositions are prepared as described in 

Example 5, wherein polymer molecular weight is 28,000-40,000 and 
polymer concentrations vary between 5% to - 12% w/w. Compositions 
5 and 6 are listed in Table 1. 

4 0 Release profiles of the active core from the compositions in 

an aqueous physiological environment are described in Example 2 
and are plotted as cumulative percentage release versus time, and 
presented in Figure 3. 

4 5 Burst-free, variable release from 28-70 days is achieved by 

varying the polymer concentration . 
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Example 7 

Microcapsule compositions are prepared as described in 
Example 6, wherein the aqueous/oil ratio varies between 1/5 to 
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1/25 (v/v) . Compositions 3 and 7 are listed in Table 1. 

Release profiles of the active core from the compositions in 
an aqueous physiological environment are described in Example 2, 
and plotted as cumulative percentage release versus time, and 
presented in Figure 3. 

Burst-free, variable release from 28-70 days is achieved by 
varying the aqueous/oil ratios. 

Example 8 

Microcapsule compositions are prepared as described in 
Example 5, wherein the copolymer ratio is 75/25 and polymer 
concentrations vary between 5% to ~ 25% w/w. Compositions 8 and 9 
are listed in Table 1. 

Release profiles of the active core from the compositions in 

an aqueous physiological environment are described in Example 2, 

and are plotted as cumulative percentage release versus time, and 
presented in Figure 2. 

Burst-free, variable release from 56->90 days is achieved by 
varying the polymer concentration in the oil phase. 

Example 9 

Microcapsule compositions are described in Example 2, 
wherein the active core is leutinizing hormone releasing hormone 
(LHRH, a decapeptide of molecular weight 1182) and the polymer 
concentration is -40% w/w. Release profiles of the active core 
from the composition in an aqueous physiological environment is 
described in Example 2, and is plotted as cumulative percentage 
release versus time, and presented in Figure 4. 

Burst-free, continuous and complete release is achieved 
within 35 days, similar to Histatin acetate. 

Example 10 

Microcapsule compositions are prepared as described in 
Example 2, wherein an additive such as sodium salt (carbonate or 
bicarbonate) is added to the inner aqueous phase at 
concentrations of 1-10% w/w to maintain the biological activity 
of the released polypeptide. 

Burst-free, variable release from 1-28 days is achieved 
similar to Examples 2 & 3, and the released polypeptide is 
biologically active until 3 0 days, due to the presence of the 
sodium salt. 



Example 11 



Microcapsule compositions are prepared as described in 
Example 2, wherein an additive such as a nonionic surfactant, 
polyoxyethylene/polyoxypropylene block copolymer (Pluronics F68 
and F127) is added to either the inner oil or the aqueous phase 
at concentrations from 10-100% w/w, to maintain the biological 
activity of the released polypeptide. 



Burst-free, continuous release from 1-35 days is achieved 
similar to Examples 2 & 3, and the released polypeptide is 
bioactive due to the presence of the surfactant. 



Example 12 

Cumulative histatin release from the microcapsule 
compositions described in Examples 1 through 11 and release 
profiles plotted in Figures 2 and 3 show the burst-free, 
programmable peptide release for variable duration from 1-100 
days. Virtually any pattern of cumulative release is achievable 
over a 100 day duration by a judicious blending of several 
compositions, as shown in these figures. 



WE CLAIM 



1. A controlled release microcapsule pharmaceutical 
formulation for burst-free, sustained, programmable release of a 
biologically active agent over a duration from 1-100 days, 
comprising an active agent and a blend of uncapped and end-capped 
biodegradable poly (lactide/glycolide) . 

' 2. The pharmaceutical formulation of claim 1, wherein the 
biodegradable poly (lactide/glycolide) is a blend of uncapped and 
capped forms, in ratios ranging from 100/0 to 1/99. 

3. The microcapsules of claims 1 or 2 wherein the copolymer 
(lactide to glycolide L/G) ratio for uncapped and endcapped 
polymer is 52/48 to 48/52. 

4. The microcapsules of claims 1 or 2 wherein the copolymer 
L/G ratio for uncapped and end-capped polymer is 90/10 to 40/60. 

5. The microcapsules of claim 3 wherein the molecular weight 
of the copolymer is between 2,000-60,000 daltons. 

6. The microcapsules of claim 1 wherein the biologically 
active agent is a peptide or polypeptide. 

7. The microcapsules of claim 6, wherein said polypeptide is 
histatin consisting of 12 amino acids and having a molecular 

weight of 1563. 

8. The microcapsules of claim 7 characterized by the 
capacity to completely release histatin in an aqueous 
physiological environment from 1-3 5 days with a 100/0 blend of 
uncapped and end-capped poly ( lactide/glycolide) having a L/G 



ratio of 48/52 to 52/48, and a molecular weight -<15,000. 

9. The microcapsules of claim 7 characterized by the 
capacity to completely release histatin in an aqueous 
physiological environment from 18-40 days with a 100/0 blend of 
uncapped and end-capped poly (lactide/glycolide) having a L/G 
ratio of 48/52 to 52/48 and a molecular weight range of 28,000- 
40,000. 

10. The microcapsules of claim 7 characterized by the 
capacity to release up to 90% of the histatin in an aqueous 
physiological environment from 28-70 days with a 0/100 blend of 
uncapped and end-capped poly (lactide/glycolide) having a L/G 
ratio of 48/52 to 52/48 and a molecular weight range of 10,000- 
4 0,000 daltons. 

11. The microcapsules of claim 7 characterized by the 
capacity to release up to 80% of histatin in an aqueous 
physiological environment from 56-100 days with a 0/100 blend of 
uncapped and end-capped poly ( lactide/glycolide) having a L/G 
ratio of 75/25 and a molecular weight of < 15,000 daltons. 

12. The microcapsules of claims 7 or 8 or 9 or 10 or 11 
having analogs of histatin with chain lengths of from 11-24 amino 
acids of molecular weights from 1,500-3,000 daltons and 
characterized by the following structures: 

1. DSHAKRHHGYKRKFHEKHHSHRGY 

2. KRHHGYKRKFHEKHHSHRGYR 

3. KRHHGYKRKFHEKHHSHR 

4 RKFHEKHHSHRGYR 



5- AKRHHGYKRKFH 
6. *AKRHHGYKRKFH 
7- KRHHGYKRKF 
* D-amino acid 

13. The microcapsules of claim 6 wherein the biologically 
active agent is a polypeptide Leutinizing hormone releasing 
hormone (LHRH) that is a decapeptide of molecular weight 1182 in 
its acetate form, and having the structure: 

p-EHWSYGLRPG 

14 . The microcapsule of claim 6 having a molecular weight of 
from 1,000 to 250,000 daltons. 

15* The microcapsules of claims 6 or 7 or 8 or 9 or 10 or 11 
or 13 or 14 wherein release profiles of variable rates and 
durations are achieved by blending uncapped and capped 
microspheres as a cocktail in variable amounts* 

16. The microcapsules of claims 6 or 7 or 8 or 9 or 10 or 11 
or 13 or 14 wherein release of profiles of variable rates and 
duration are achieved by blending uncapped and capped polymer in 
different ratios within the same microshreres, 

17, The microcapsules of claims 6 or 7 or 8 or 9 or 10 or 11 
or 13 or 14 wherein the entrapped polypeptide is any of the 
vaccine agents against enterotoxigenic E. coli (ETEC) such as 
CFA/I,CFA/II ,CS1,CS3,CS6 and CS17 and other ETEC-related 
enterotoxins. 



18. The microcapsules of claims 6 or 7 or 8 or 9 or 10 or 11 
13 or 14 wherein the entrapped polypeptide consists of peptide 
antigens of molecular weight range of about 800-5000 daltons for 
immunization against enterotoxigenic E. coli (ETEC) . 
5 19. The microcapsules of claims 1 or 2 or 3 or 4 or 5 

wherein said biologically active agents are selected from the 
group consisting of water-soluble hormone drugs, antibiotics, 
antitumor agents, anti inflammatory agents, antipyretics, 
analgesics, antitussives, expectorants, sedatives, muscle 
ffiO relaxants, antiepileptics, antiulcer agents, antidepressants, 
fsj antiallergic drugs, cardiotonics, antiarrhythmic drugs, 
Hj vasodilators, antihypertensives, diuretics, anticoagulants, and 

J : antinarcotics, in the molecular weight range of 100-100,000 

J = daltons. 

^15 20. The microcapsules of claims 1 or 2 or 3 or 4 or 5 or 6 

or 7 or 8 wherein said biodegradable poly (lactide/glycolide) is 
^ in an oil phase, and is present in about 1-50% (w/w) . 

21. The microcapsules of claims 1 or 2 or 3 or 4 or 5 or 6 
or 8 or 9 or 10 or 11 or 13 or 14 wherein concentration of the 

20 active agent is in the range of 0.1 to about 60% (w/w). 

22. The microcapsules of claims 1 or 2 or 3 or 4 or 5 or 6 
or 8 or 9 or 10 or 11 or 13 or 14 wherein a ratio of the inner 
aqueous to oil phases is about 1/4 to l/40(v/v). 

23. A process for preparing controlled release microcapsule 
25 formulations characterized by burst-free, sustained, programmable 

release of biologically active agents comprising: Dissolving 
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biodegradable poly (lactide/glycolide), in uncapped form in 
methylene chloride, and dissolving a biologically active agent or 
active core in water; adding the aqueous layer to the polymer 
solution and emulsifying to provide an inner water-in-oil (w/o) 
5 emulsion; stabilizing the w/o emulsion in a solvent-saturated 

aqueous phase containing a oil-in-water (o/w) emulsifier ; adding 
said w/o emulsion to an external aqueous layer containing oil-in- 
water emulsifier to form a ternary emulsion; and stirring the 
resulting water-in-oil-in-water (w/o/w) emulsion for sufficient 

i30 time to remove said solvent, and rinsing hardened microcapsules 

ll| with water and lyophilizing said hardened microcapsules. 

'Q 24* A process for preparing controlled release microcapsule 

P formulations characterized by burst-free, sustained, programmable 

release of biologically active agents comprising: 

Ji5 dissolving biodegradable poly (lactide/glycolide) in end- 

capped form in methylene chloride, and dissolving a biologically 

C E active agent or active core in water; adding the aqueous layer to 

the polymer solution and emulsifying to provide an inner water- 
in-oil emulsion; stabilizing the w/o emulsion in a solvent- 

20 saturated aqueous phase containing a oil-in-water (o/w) 

emulsifier; adding said w/o emulsion to an external aqueous layer 
containing oil-in-water emulsifier to form a ternary emulsion; 
and stirring a resulting water-in-oil-water (w/o/w) emulsion for 
sufficient time to remove said solvent; and rinsing hardened 
25 microcapsules with water; and lyophilizing said hardened 
microcapsules . 
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25. The process of claims 23 or 24 wherein a solvent- 
saturated external aqueous phase is added to emulsify the inner 
w/o emulsion prior to addition of the external aqueous layer, to 
provide microcapsules of narrow size distribution range between 
0. 05-500/xm. 

26. The process of claims 23 or 24 , wherein a low 
temperature of about 0-4 °C is provided during preparation of the 
inner w/o emulsion, and a low temperature of about 4-20 °C is 
provided during preparation of the w/o/w emulsion to provide a 
stable emulsion and high encapsulation efficiency. 

27- The process of claim 23 wherein a 100/0 blend of 
uncapped and end-capped polymer is used to provide release of the 
active core in a continous and sustained manner without a lag 
phase* 

28. The microcapsules of claim 6, wherein, when the 
entrapped polypeptide is active at a low pH, such as LHRH, 
adrenocorticotropic hormone, epidermal growth factor, calcitonin 
released polypeptide is bioactive. 

29. The microcapsules of claims 6 or 7 or 8 or 9 or 10 or 
11, wherein, when entrapped peptide such as histatin is inactive 
at a low pH, a pH-stabilizing agent of inorganic salts are added 
to the inner aqueous phase to maintain biological activity of the 
released peptide. 

30. The microcapsules of claims 6 or 7 or 8 or 9 or 10 or 11 
wherein, when entrapped polypeptide such as histatin is inactive 
at a low pH, a non-ionic surfactant such as polyoxyethylene 
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sorbitan fatty acid esters (Tween 80, Tween 60 and Tween 20) and 
polyoxyethylene - polyoxypropylene block copolymers (Pluronics) 
is added to the inner aqueous phase to maintain biological 
activity of the released polypeptide. 
5 31. The microcapsules of claim 29, wherein placebo spheres 

loaded with the pH-stabilizing agents are coadministered with 
polypeptide-loaded spheres to maintain the solution pH around the 
microcapsules and preserve the biological activity of the 
released peptide in instances where the addition of pH- 
riO stabilizing agents in the inner aqueous phase is undesirable for 
if the successful encapsulation of the acid pH sensitive 

rt polypeptide* 

'5 32* The microcapsules of claim 30 wherein placebo spheres 

^ loaded with non-ionic surfactant are coadministered with 

Els polypeptide-loaded spheres to maintain biological activity of the 
rlJ released peptide where the addition of non-ionic surfactants in 

•S the inner aqueous phase is undesirable for successful 

encapsulation of the acid pH sensitive polypeptide. 

33. The microcapsules of claims 1 or 2 or 3 or 4 or 5 or 6 
20 or 8 or 9 or 10 or 11 or 13 or 14 comprising a blend of uncapped 
and capped polymer, wherein complete solubilization of the 
copolymer leaves no residual polymer at the site of 
administration and occurs concurrently with the complete release 
of the entrapped agent. 
25 34 o A process of using microcapsules of claims 1 or 2 or 3 

or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 13 or 14 for human 
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administration via parenteral routes, such as intramuscular and 
subcutaneous . 

35. A process of using microcapsules of claims 1 or 2 or 3 
or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 13 or 14 for human 
administration via topical route. 

36. A process of using microcapsules of items 1 or 2 or 3 or 
4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 13 or 14 for human 
administration via oral routes. 

37. A process of using microcapsules of items 1 or 2 or 3 or 
4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 13 or 14 for human 
admininstration via nasal, transdermal, rectal, and vaginal 
routes . 
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Abstract 



Novel burst-free, sustained release biocompatible and 
biodegrable microcapsules which can be programmed to release 
5 their active core for variable durations ranging from 1-100 days 
in an aqueous physiological environment. The microcapsules are 
comprised of a core of polypeptide or other biologically active 
agent encapsulated in a matrix of poly (lactide/glycolide) 
copolymer as a blend of uncapped (free carboxyl end group) and 
,40 end-capped forms ranging in ratios from 100/0 to 1/99. 
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was filed on 1/24/96 as Unhed States Applica^bn Number or PCT International Appliqation 

Number Q-8/590 ^973 and was amande^pri _(feff}kpb\e). 

I hereby state that I. have reviewed and understand the contents of the ^ve/Kientrfie^'specifk^ioa including the claims, as 
amonded.by any amendment referred to eboye. 

I acknowledge the duty .to disclose informatbn which is material to patentaMirry as defined in Title .37, Cpa> cf Federal 
■ Regulations. § 1.56. 

L hereby dairp foreign priority benefits under Title 35, Unhed States C$>de ( J 1 l9.of.any fpreign.^Ijcat)Qn{s] [ for patent or 
inventors certificate listed belpw and have also identified bebw any foreign'appficatiori for patenter inventor's certificate . 
having a filing datQ before that of the application on which priority H da}mk$. 

Prior Foreign Application (s) Ppopty Claimed 

Ep Yes □ No 

□ -Y^sDNo 

□ Yes □ No 



.(Number) 


^Country) 


(Ov/McrLthAto Frfed) 


1 .(Number) 


(County) 


(Day/Month/Xear Filed) 


; .(Number) 


(Country) 


(Oay/Vbnth'Year F^) 



y hereby dalm the benefit under Title 35, Unhed States Code. § 120 of any United Sates applicatc n(s) fated below and r insofar 
\io the subject maner of each of the claims of this application is" not disck^ed in the prior United Slates application in the manner 
.gxovided by the first paragraph of Triie 25, United States Cede, § 112, I ^ncrytedge the duty to discbse irferrnzticn which is 
pn*ioriat lo paiontabtlrty a_s c^fmod in Trtio 37. Code of Fodoral Regulations. § which bocamo available between the filing date 
;?3^ tn * Pri° r application and the nstionaJ or PCT international filing date of. trie 'application. 



^Apptcabon Number) (Fine D*cb] (StaTjs - patented. peooVic, abandoned} 



^Application Number) (Bnfi Date) (gsCjs - pxsnted, pending, abandoned} 

^hereby appoint the following artcrney(s) and/or agent(s) to prosecute this application and to transact all business in the 
i J? al ? rrt afKj Trad.e mark Otf>ce connecled^therewhh: Earl T. Reichert, Reg #24,331; Werten F.W. Bellamy 
]%eg #2.7,029; William W.. Randolph, Reg #28,986; Mia j, Murray B. Baxter , ^eg #33,646* 

*» — ! ' • 'J ■ — - : f . ^ . = , 

Address *J[ telephone calls to ' ; telephone number. . ~ 

.;Addresi aircorresporKJence to INTELLECTUAL PROPERTY LAW DIVISION 



OFFTCE OF THF .J11T)(IK "ADVOCATE ftENFRA^.. DA 



90]' NORTH S TUART ST RE ET* SffTTS 70Q 



ARLINGTON ,'YA 2 2 20 3- IS 3 7 



I hereby dedare that all statements made herein of my own fcnowiedge are true and that all state merits made on information and 
.WwT are, believed . to .be true; and further that these state me^'^re^made wrjh ^e Vnc^rUcVge thai willful false, statements and the 
like so map , e,are pontshabIe,by.fine or imprisonment or fccth. ti$w$^ionlpp\ $^e 18otthe 'UnftpA&tf^^e and that 
auch willf ul fake statements may jeopardize the valkfity of Jf* application or any patent ksued thereon. 

Full name of 'first ' .hventor^rv^name^famijy name) ^apas^fr v by ^.eyant^i, , , 1 j 

first inventor signatu re ' W QU— ^ ; ^ ; Date 05 f - 

Residence f*XC CKTPKIeK lX&j/#3Q \ COtOrtfclA flD ?)<Hi4 , Cttzensfip 1 , IrtP TA 



Post Office Address "1^5 CLOtiKTCN&'R lAHE APT- 7^301 
Full name of - .-\{joirrt inventor,, (f any (given name, family name) 



pate , 



Residence _J - ; Citizenship, 

Post Office Address . 



Additional bventors are being named on separately numbered sheeis attached hereto. P a £ e ^ of 7 



Patent and Tra^mar* pffica; Lj.S. pEPARTVE^T OF COMMERCE 



DECLARATIO ^OR PATENT APPLICATION Cws: «°?^^] 

As a belcw named invQntof. I ha«by declare that: Ramasubbu Jeyanthi, John E an Hamont, Phil Friden, 
Robert H. Reid, F. Donald Roberts, Charles E. McQueen, Jean A. Setterstrom 
My residencs, post office address and citizenship are as stated below next to my name. 

I believe i am the original first and sole inventor (if onfy one name is listed bebw) or an original, first and joint inventor (n plural 
names are feed below) of the subject patter which is dairned aoc I for wheh a | s a £f S ht on the invention entrt led 
Novel ^Burst-Free vr Sustained Release TolyXLactide/Glycoxicie; t fo Q speafcation of which 

Microspheres 
is at tached hereto unless the fdbwing box is checked: 

was filed on 1/24/96 as United Stales Application Number or FCT IrtematbnaJ Application 

Number Q8/590,973 and was amended on f rf appfcsfafe). 

I hereby stale that I have reviewed and understand the contents of the above identified specification, including the claims, as 
amended by any amendment referred to above. 

I acknowledge the duty to disclose information which b materia! to patentability as defined in Tfile 37, Code cf Federal 
Regulations. § 1.55. 

i hereby daim foreign priority benefits under Title 35, United States Code, § 119 of any foreign application^} for patent or 
inventor's certificate feted bebw and have also identified bebw any foreign appiicstbn for patent or inventor's certificate 
having a filing date before that cf the application on whbh prionry is dalmed. 

Prior Foreign Applbation(s) P ™^' C,sirri6d 



(Numbe^) 


(Ccunry) 


(Day/McnthyYei' Fied) 


□ Yes □ Nc 


*fl (Number) 


(County) 


(Day/McntrVYea: Fiied) 


□ YesDNc 


^ (Number) 


(Country) 


(Day/MonF.'Yaa: Fied] 





feBorcoy cUim the ber*?.- V r>6er TnU 35. Untied States Cede, § 120 cf any Unfced Spates ecc^catcnjs) fated U?c* a-.d. irscfa- 
ajgihe sub}*c: mar.er of each cf the calms cf this application is not disdcs^d in the prcr United States arciicatcn \r. tr.e rr.a-.r.e- 
ffpvid&d by the first paragraph cf Tfiie 35. Unhed Slate- Cede. § 112. I acxricwiedge tr.e d-ty fc disccse infe-marc-: which rs 
fff^»' to patentability a; d~>Un<x! in Trtlo 37. Codo ci F&c!o-b! R&gutasbns. § 1.5o which bacamc variable bs^cc* the fi:;r.g date 
MHho prbr application and the national cr PCT international fifing carte cf this application. 



(©picason Nimb^} (Fjr-,c DaSa) (S^js - paieoed. pendr-c acar.ecr.ee} 



l[ff ^by appoint the fcltowing ancrr>ey(s) and/or agent(s) tc prcseo/te thb apencatien and tc tra.ns.act ai! tos'ness in tr.e 
Fjlenn and Trademark Off ce ccnnected.Lhenawrth* Earl T. Reichert, Reg #24,331; Verten F.W. Bellamy 
feg #27,029; William W. '/Randolph,' Reg #28,986; Maj Murray B. Baxter, Reg //33,646 

Adcrass ail telephone calls to telephone number 

••Address aJI correspondence to INTELLECTUAL PROPERTY LAW DIVISION 



OFFTCF OF THF TUPPF ADVOCATF ftFMFR A T , ru 



Q01 NORTH STUART STR FFT. SUTTF 700 



ARLINGTON, VA 22203-1837 



I hereby dedare that all statements made herein of my own knowledge are true and that ail statements made on information and 
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and the 
Rke so made are punbhable by fine or imprisonment, or both, under Sect ion 1001 of Title 18 cf the United States Code and that 
such wiltf u! fabe statements may jeopardize the valkfrty of the application cr any patent bsued theroon. 

Full name of "gecond inventor (gfven name, famiry name) fc * ***** 

" '** John E. Van Hamont___ : Date /tf/fY /??* 

Residence i/*At A) o / LPO^ ^o/t7 M£fif)£ M A Cfeanship C{ $ 

Post Office Address y/ AJoY ^OQ/> _ 

y^o^r A***/)*, z<??sx — 

Full name cf seconcjoint inventor, if any (grven name, family name) =^ ^- 



Date 

Residence ~ Crtizenshp , 

Fost Offics Address . — 



H 

Addrtbnaf rnventors are being named on separately numbered sheets attached hereto. P a 8 e 2 01 



Patent and Trademark CXfic=; U.S. DEPARTMENT Or COf^MERCE 




DECLARATION FOR PATENT APFL1CA f ION v-v^. 

As a bslcw named inventor, I hereby deck hat: Ramasubbu Jeyanthi, John E. .mont, Phil Friden 

Robert H. Reid, F. Donald Roberts, Charles E. McQueen, Jean A, oetterstrom 
*ty residence, pes: office address and crtizenship are as stated below next to my name. 

original, first and joint inventor (n plural 
sought on the invention enthied 

/Glycolide) .the specfficatJcn cl which 

Microspheres 

is at tached hereto unless the folbwinc, box is checked: 

| x | was filed on 1/24/96 as Unrtad States Application Number cr FCT International Application 

Number 08/590,973 and was amended cn_ frf applicable). . 

! hereby slate that 1 have reviewed and understand the contents of the above identffied soecrficatbn. including the claims, as 
amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is materia! to patentable as defined in Thle 37, Code cf Fede:^ 
Regulations, § 1.56. 

I hereby daim foreign prbrfty benefits under Trtfe 35, Unftcd States Code, § 1 1S cf any forcgn application^) for patent cr 
inventor's csrtrficate listed be tow and have also identified betow any foreign application for patent or inventor's certificate 
having a filing date beforG that cf the application on which priorfry is claimed. 

Frier Foreign Application (s) Pricnry Claimed 

□ Yes DNo 



(Numb*'} 


(County) 


(Dav/>^:hA'esr Fied) 


O (Number) 


(County) 


(tey/T^nr/Yes/ Fiied) 


(Number) 


(Cccnsry) 




thereby claim the berxjfn' 


u nd-a ' Tr: U 35 . U n h ed S ta: etc 


Cede. C \2Z c' *rry Ur.hcd Surtes applicatcn(s) 



□ Yes D Nc 

□ Yes □ No 



the sub}<>ct mar.©' d each of the calms cf this appicaticn is net disoawxf in tr.e fy'cr United Slates apcficatcn in rr.s r.anr.e- 
,gpv;ccd by the fins: pa-ac/aph cf Ta* 35. Unhed States Code. § 1 12, I acxncwiedse tr.e djTy t= discicse i-cm^c- v.-.*-. is 

tc po:on:abilcy o-s d*»fm«d ir. Tnlo 37, Coda F odors'. F.o-julac iens. § 1 ,S€ which became available bstweer. the fit;nc c«te 
JW tho P rior app f *c^:>cn and the r.a*xna/ cr PCX into-maticr-af fi/tnc date cf this applied ion. 



m-ppica^or, Numbe-'} (rir^; Dare) (S^uj - patented peocx-.c Bia-.ccred} 



{^pplioxic^ Nurr.be') (Fir:g Dars) (S&s - px^r.t&d. p^d--. c tbir.de r.ed; 

ffef^aby appoint tne fofbwfng E^jzrr^sy(s) &TrdJcr nge^t(s) tc prosecute tr.s appttcsticn ard !o transact ail business in tne 

^u^H.^^-^lH^r^ //2 . 7 .' &29 > Wlllia»W. Randolph, 'gg^ifessr ' 

Address aJI telephone calls to telephone number < . 

.-Address aJI correspondence tc INTELLECTUAL PROPERTY LAW DIVISION 

QFFTCF OF THF .TITDftF AHVOCATF CFNFPAT . DA . 

901 NORTH STUART STREET. SfJTTF 700 

ARLINGTON, VA 22203-1837 

I hereby d©dare that aff statements made herein cf my own kr<>wJedce are true and that ail statements made on informaticn end 
belwf arc believed to be true; and further thai these statements were made with the krow^edge that wittfuf false siatements and the 
Kka so made are punishable by fine or imprisonment, or both, under Secibn 1001 of Trie 18 of the Unrted States Code zndthzt 
Much wiltful false statements may jeopardize the vaJJdrty cf the application or any patent issued thereon. 

Full name of third . inventor (gfven w^jrf. family mame) ^Phil Friden , 

third inventor signatu re x^^V r Date 5^/^3 (9<o 

Citizenship I t S 

Post Office Address 3t U!c^W,/o, U^ ^WiA 

f"ull name )oirrt inventor, If any (grven name, famDy name) . . 



Date 



Post Oftica Address i [ 



s 



Addftbnaf rrrventors are being named on separatery numbered &h&ois atiachod hereto. * * page _3 of 7 



pjlorrt and Trademark Orfica; U.S. DEPARTMENT Of COMMERCE 



DECLARATION FOR PATENT APPLICATION UOCXB: NumMr t^.cn a i) 

As a below nam^d inventor,! hereby docla at: Ramasubbu Jeyanthi, John E. n Hamont, Phil Friden, 
Robert H. Reid, F. Donald Robe. -S, Charles E. McQueen, Jean A. . -tterstrom 
My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original first and sofe inventor (H onry one name is listed bebw) or an original, first and joint inventor (H plural 
names are listed below) of the subject matter which is claimed and fo;y^f^)^^ js sought on the jnventcn enmled 

Novel "Burst--Free* r Sustained Release TolyXLactide/Glycoiide ) , the speculation of which 



Microspheres 
is a ttached hereto unless the following box is checked: 

[in was filed on 1/24/96 as Unhed States Application Number or PCT IntemalbnaJ Application 

Number Q8/590.973 and was amended on ( d applcable). 

1 hereby state that I have reviewed and understand the contents of the above identified specification, including the claims, as 
amended by any amendment referred to above. 

I acknowledge the duty to disclose information which ts material to patentability as dQVinod in Title 37, Code of Federal 
Regulations, § 1.56. 

I hereby daim foreign priority benefits under Title 35, Unhed States Code. § 11 9 of any foreign applicatbn(s) for patent or 
inventor's certificate listed bebw and have also identified bebw any foreign application for patent or inventor's csrufbate 
having a filing date before that of the application on which priority ts claimed. 

r\ ' Prioriry Claimed 

Pnor Foreign Application^) J 



(Number) 


(County) 


(Day/Mcrith/Year Fied) 


□ Yes □ Nc 






-\ (Number) 


(Country) 


(Day/Wcnf-/YeA' Fiied) 


□ Yes □ Nc 


^ (Number) 


(Country) 


(D«y/WDntr/y&a/ Fiied) 





ilhereby daim the benefit under TrM 35. Unhed Stales Cede. § 120 of any Unhed Sutes application^} listed belcw and. insofar 
« the subject maner of each of the daims of this applcation is not disdesed in the prbr Unhed States applicatcn in tne marker 
^vided by the firs paragraph of Trite 35. Unhed Stales Code. § 1 12. I acknowledge the duty tc discbse information wheh is 
,! »-:-ri«i to F^tontabilrry c^f.nod in ThU 37. Code of F*d*ra! Rogulailons. § 1 .5* which bocamc svailable between the fihng date 
% tho prior application and the national cr PCT international filing dale of this application. 

HAppficaaon Number) (Fang Da^} (S&Tjs - patentee, perxxne. sbar.cior.ee*) 



pppbextion Number) (Rr-.g DaS) (S^jc - p*sr.te< pencing abandoned) 

Jfvaroby appoint the folbwing ancrney(s) and/or agerrt(s) to prosecute the applicatbn and to transact ail business in the 
j&tent and Trademark Office connect ed.therewhh: Earl T. Reichert, Reg #24,331; Werten F.W. Bellamy 
*feg #27,029; William W." "Randolph, Reg #28,986; Maj Mur ray B, Baxter, Reg. #33,646 

Address ail telephone calls to ** telephone number s . 

.•Address aJI correspondence to INTELLECTUAL PROPERTY LAW DIVISION 



OFFTfT OF TKF .TTTT)^ F ATWOHATF nFNFFAT, . DA 



QQ1 NORTH STUART ST ^T. SUTTF 700 



ARLINGTON, VA 22203-1837 



I hereby dedare that ail statements made herein of my own knowledge are true and that all statements made on informatbn and 
belief are believed to be true; and further that these statements were made with the knowWdge that willful false demerits and the 
Rke so made are punishable by fine or imprisonment, or both, under Sectbn 1001 of Trtle 18 of the United States Code and that 
auch wilrful fake statements may jeopardize the validity of the appJfeatbn or any patent issued thereon. 

Full name of fourth inventor (given name.famiry nama^ y * * /9 /?> cv ^ / ) — 

- Robert H. Reid Date 

Residence f ft 4tA= 7^ C K, f&A *r*/ S> ft* Citizenship^ ^3/1- 

Post Office Address itpjc C>/ 



Full name of seconrjoint inventor, if any (given name, famify name) . 



Date 



Residence 1 Citizenshp. 

Post Office Address — ■ — 



4 f 7 

Addhional inventors are being named on separatefy numbered sheefs aStach^d hereto. P a S e ° 



Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 



DECLARATION FOR PATENT APPLICATION top: JC r, a . 

As a below named inventor, I hereby decU iat: Rama subbu Jeyanthi, John E imont, Phil Friden, 

Robert H. Reid, F. Donald Roberts, Charles E. McQueen, Jean A. Setterstrom 
.My TQsidenca t pest office adcross and citizenship are as stated below next to my name. 

I believe t am the original, first and sole inventor (if onfy one name is listed below) or an crigina', first and joint inverter (n plural 
names are listed below) of the subject matter which js claimed and for which a patent is sought on the invention enthled 
= i_ ' . • • * - " > - t . the specification of which" 

k attached hereto unless the following box is checked: 

f*j was fiied on 1/24/96 as Unhed States Application Uvmber or FCT International Application 

N um b« r 08/590,973 and was amended on (if applicable). 

I hereby state that 1 have reviewed and understand the contents of the above identified specification, including the claims, as 
amended by any amendment referred to above. 

i acknowledge the duty to disclose information which ts material to patentability as defined in Thfe 37, Code erf Federal 
Regulations, § 1.56. 

I hereby daim foreign priority benefits under Trtfe 35, Unhed States Code, § 1 15 of any foreign applies iicn(s) for paten! cr 
inventor's certificate listed below and have also identified be tow any foreign application for patent or inventor's csfiif cale 
having a filing dat6 before that of the application on which priority ts claimed. 

Pricr Foreign Applicatton(s) Frvcnry Claimed 

□ Yes □ No 





(N urn be-} 


(Country) 


(Oay/Mcr.tnyYear Faed) 




(Number) 


(Country) 


(Day/Mcnr/Ye^' Filed) 




(Number) 


(Ccunty) 


(Day^fccr.'Ysi- Fsedj 



□ Yes Q Kc 

□ Ygs □ No 



|ih° rct Y c£aim the ber>e\runde' Tfite 35. Unhed States Code, § 120 of any Unhed Slates applicatcn(s) fctcd Uc* a.-,c\ ir.scfa' 
f: *ip tho sublet manor cf each of the daims of this application is net disoct^od In the prior Unhed Sis^es zpenczt'en in tr.e manne' 
0°^^ the first paragraph cf Tnie 35, Unhed Sir.ec Cede. § 112, I acknowledge the duty fc disclose i.nfcnr.aricr. which is 
^«iona! to p-a:ontabiirr/ d-ofino-d in Tftlo 37. Codo cf Fc-doral Regulations, § 1 .5-6 which bocamo available ba fw c g r, the fjiir.c cats 
Jff :h * Prior appfic3tj Cn and the naiiona' cr PCT international fifing date cf this application. 



location Nurr.ber) (r,r^ Das) (Ssrjs - pai&nied. penary sbar.dcr.ee) 



Sen Numbe-} (Fir.c. Dscs) (S^ls - pxrar.^i pend-r^ a^-.dcr.ed) 

|J|^reby appoint tne fclto wing aHcrr>ey(s} and/or agent(s) to prosecute thb application and tc transact a r l business in the 
S^ont and Trademark Ctfce connected therewfth; Earl T. Reichert, 

Rfg £24,331; Werten F.W/ Bellamy, "Reg Z/27,029; William W. Randolph, Reg #28,986: 

Address aJI telephone calls to , at telephone number ^ , 



••Address ail correspondence to INTELLECTUAL PROPERTY LAW DIVISION 

OFFTCF OF THF .TTTHCF ADVOCATF CFNFKAT . DA 



901 NORTH STUART STREET, SUTTF 700 



ARLINGTON, VA 22203-1837 



I hereby dodare thai att statements made herein of my own knowledge are true and thai ail statements made on information and 
belksf are believed to be true; and further thai these statements were made with the knowledge thai willful false statements and the 
Fke so made are punishable by fine or imprisonment or both, under Section 1001 of Title 18 cf the Unhed States Code and that 
«ucn willful fabe statements may }s>cpardize the valkfrty of the application or any palerrt issued thereon. 
Full name cf "fifth inventor (grven r^m/Cta/tyy name* . ^Dqpald Roberts 



fifth inventor signatu re ^p<)>^0^ - Date A/ AY 2-3 1 /VTZ 

Residence 



signature f% xj^ju^ J&MWJT Date A{/1Y , 

Fost Office Address VWC/2- . /U/h Q^O^O 

Fuli nam « sixth^int inventor, If any (grven name, family name) Charles E« McQueen 

- - - " - - - Dale 



ResJdencs^ m , ; Citizenship 

Fost Oftica Address : 



Addftionaf mv en tors are being named on separately numbered sheets attached hereto. page 5 of 7 



Palont and Trademark Offca; U.S. DEFARTOE^ Or COMMERCE 



DECLARATIO' ' H3R PATENT APPLICATION D*** Numb «' (Optional) 

As a below named inventor, 1 hereby decla* . .iat: Ramasubbu Jeyanthi, John E. .*n Hamont, Phil Friden, 

Robert H. Reid, F. Donald Roberts, Charles E. McQueen, Jean A. Setterstrom 
My residence, post office address and citizenship are as stated below next to my name. 



I believe I am the original, first and sole inventor (rf only one name is listed bebw) or an original, first and joint inventor {if plural 
names are listed below) of the subject matterjwhich is claimed and for which a pat rat fc. sought on the invention entitled 

Novel ^Burst-Free* r Sustained Kel e as e JP oly T Lac tide/ Gly c o 1 id e J .the specfication of which 



Microspheres 
is attached hereto unless the folbwing box is checked: 

Jin was filed on 1/24/96 as United Stales Application Number or PCT International Application 

Number Q8/590,973 and was amended on frf applicable}. 

I hereby state that I have reviewed and understand the contents of the above identified specification, including the claims, as 
amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in Trtie 37, Code of Federal 
Regulations, § 1.56. 

I hereby daim foreign priority benefits under Title 35, United States Code, § 1 19 of any foreign application (s) for paten? or 
inventor's certificate Itsted below and have also identified below any foreign application for patent or inventor's ceriifcate 
having a filing date before that of the application on which priority b claimed. 

Prior Foreign Application(s) P;k}r ^ c,simed 

□ Yes □ No 

□ Yes □ No 

□ Yes □ No 





(Numbe<) 


(Country) 


(Oay/McntrvYear fi/ed) 




(Number) 


(Country) 


(Day/Month/Year Fiied) 




(Number) 


(Country) 


{Day/KtontJVYei' Fiied) 



Whereby daim the benefit under Trite 35. Unhed Stales Code. § 120 of any Unhed States application^} listed below and, insofar 
"lis the subject maner of each of the daims of this application is not diseased in the prior United Stales application in the manner 
^provided by the first paragraph of Title 35. Unhed Stales Code. § 1 12, i acknowledge the duty to disctose irrfcnr.alion which is 
J|n-!«ri«l to patontabilrty as d-afmod in Thl© 37. Codo of Fftdonaf Regulations. § 1.56 which bocam« available between the filing date 
f«f tho prior application and the national or PCT international filing date of this application. 



.^fppicaaon Number) (^img Dais) (Sana - patented, p&ndng. abandoned) 



^Application Nurr.be') (^^C Date) (Stacjs - painted, perxinc. abanccned) 

fl|*raby appoint the folbwing attorney's) and/or agent(s) to prosecute this application and to transact ail business in the 
^D 32 ®^ an<J Trademark Offioo conne^dd.tborowhh; Earl T. Reichert, Reg #24,331; Werten F.W. Bellamy 
J|eg #27,029; William W. . "Randolph Reg #28,986; Maj Murray B. Baxter, Reg. #33,646 



Address ail telephone calls to telephone number 

.-Address ail correspondence to INTELLECTUAL PROPERTY LAW DIVISION 



OFFICE OF THE JUDGF ADVOCATE CFNFRAL. T)A 



Q01 NORTH STUART STR EET. SUITE 700 



ARLINGTON, VA 22203-1837 



\ hereby dedare that all statements made herein of my own knowledge am true and that all statements made on information and 
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and the 
Rke so made are punishable by fine or imprisonment, or both, under Section 1001 of Tile 18 of the Unhed States Code and that 
such willful fake statements may jeopardize the validity of the application or any patent issued thereon. ^ (f^\ 
Full name of " ' Sipcth inventor (grven name, family name) „ CMtt+M* A4 »tf \^jc^ 
' * - - Charles E. McQueen Date *Q Y <f 



ULidLXca xu » uLyut-tu » ^ - ' Haft 

Residence f k> <fe> S~ . J 7cjT» " Citizenship M»Jx^ 
Post Office Addruss £> I Hg n " /VI t) ^cTJ 1, 



Full name of secon(joint inventor, if any (grven name, family name) 



Date 



Flesidencs _ . ~ C&izenship , 

Post Office Address . ' 



23 Additional inventors are being named on separately numbered sheets attached hereto. P a 8 e 6 °f 7 
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DECLARATION FOR PATENT APPLICATION (Os^na!) 

As a b^lcw named inventor, I hereby deck .iat: Ramasubbu Jeyanthi, John E. amont, Phil Friden, 

Robert H. Reid, F. "Donald Roberts, Charles E. McQueen, Jean A, Setterstrom 
My residence, pest cftee address and citizenship are as stated betow next to my name. 

1 believe ! am the oriclna! first and sole inventor (H only one name b listed beicw) or an original, first and pint inventor {if plural 
names arc listed below) of the subject matter which is claimed and for which a palent is sought on the jnventcn entrJed 

" , _ . the speculation of which 

is at tached hereto unless the foliowing box is checked: 

~xl was fifed on 1/24/96 as United States Application Number or PCT International Application 

Number 08/590,973 and was amended on_ 0* applicable). . 

] hereby state that I have reviewed and understand the contents of the above identified specification, including the claims, as 
amended by any amendment referred to above. 

! acknowledge the duty to disclose information which ts material to portability as defined in Trtle 37, Cede cf Federal 
Regulations. § 1.56. 

I hereby daim foreign priority benefrts under Thie 35. Unhed States Code. § 1 1 9 of any foreign application(s) for patent or 
inventor's certificate listed bebw and have also identified bebw any foreign application for patent Of inventor's csrtfcate 
having a filing date before that of the application on which pnoriry b claimed. 

Pncr Foreign Application(s) J 

__ □ Yes DNo 

(Number) (County) (Qay/Vcr.^VYea.- Fied) 

' ■ ______ □ Yes □ Nc 



(Numbe-) (Country) (D«y/Mcnff-/Yea; Fted) 



□ Y&s D N; 



(Number) (County) (Day/Mon^ear Fied) 

Mo-cty claim the be^f.vuncV Tnte 35. Unhed States Code, § 120 of any Unhed Slates appl»ortcn(s) feted be'ev. a-.d, ir.scfa- 
-h the subject maner cf each of the daims cf this application is rot d.socsed in the prior Unhed Slates appucztcn in tr.e rr.a-e* 
goaded by the f.rst paracraph cf Trtie 35. Unhed Slatec Code. § 1 12. I aduw^ca the d-y to disclose irfcm-.arcn wheh ts 
£-:-n a i to fwnontabiliry al cWfW in Trtlo 37. Code of Fodonal F.^ulasens. § 1 .5* which became available feezes-, the fiii.-.c CSle 
M tl% * P^or application and the national cr PCT international filing date cf this application. 



^-iiGiion Number) (F*r%c D*ca) - paienfed. penonfi abandoned) 



(I^plabon Numbe*) (FiV.g DiCb) (Szzlh - p*aen»d. ssaridc r.ed) 

j^reby appoint tr.e Icfiowing a^rr>ey(s) and/or agentfs] to prosecute the application and tc trans-act ail cosiness in tr.e 
feilent and Trademark Offtce connected therewfth; Earl T. Reichert, 

teg //24,33T; Werten F.W." Bellamy, ""Reg #27,029; William W. Randolph, Reg #28,986; 

&hi Murray .B. Baxter. Reg /HI. 646 

Address all telephone calls to * tetopnone number : 

.-Address aJI ccnespondence to INTELLECTUAL PROPERT Y LAW DIVISION 



OFFTTF OF THF .TTmr T F ADVOCATF C^FNFSAT . PA 



901 NORTH STUART S TRFFT. SUTTF 700 



ARLINGTON, VA 22203-1837 



I hereby dedare that all statements made herein of my own knwiodge am true and that ail statements made on information and 
belief are believed to be true; and further thai these statements were made with the knowledge that willful false statements and the 
Fke so made are punishable by fine or imprisonment, or both, under Secibn 1001 cf Title 18 of the Unhed Stales Code and that 
auch wiMul false statements may jeopardize the validity of the application or any patent issued thereon. 

Full name of s-eventh ' mvQntor (given name, family name)^ J ** n A » Setterstrom ^ ^ _ 

- signature <W* a. .%jlTEaa1Li^ : Date ft**? /?76 - 

Residence V07 R_sTa^ Am & Ctoenshy US ft 



Lgnatui 
7 Sos 

Fost Office Address S;iu* r *p r />| M D 



Full name cf Joint inventor, % any (grven name, family name) . 



inveotor si pna tnrg 



Residence Crtizenshp , 

Post Oft ica Address „ 



Addrtbnal inventors are being named on saparatery numbered sheets ati*±*d hereto. page 7 of __7_ 
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